An experiment of McLean, D. E. Broadbent, and M. H. P. Broadbent (1983) using rapid serial visual presentation (RSVP) was replicated. A series of letters in one of 5 colors was presented, and the subject was asked to identify the letter that appeared in a designated color. There were several innovations in our procedure, the most important ofwhich was the use of a response menu. After each trial, the subject was presented with 7 candidate letters from which to choose hislher response. In three experimental conditions, the target, the letter following the target, and all letters other than the target were, respectively, eliminated from the menu. In other conditions, the stimulus list was manipulated by repeating items in the series, repeating the color of successive items, or even eliminating the target color. By means of these manipulations, we were able to determine more precisely the information that subjects had obtained from the presentation of the stimulus series. Although we replicated the results of McLean et a1. (1983), the more extensive information that our procedure produced was incompatible with the serial filter model that McLean et a1. had used to describe their data. Overall, our results were more compatible with a parallel-processing account. Furthermore, intrusion errors are apparently not only a perceptual phenomenon but a memory problem as well.
The term illusory conjunction has come to be used to designate errors that result from incorrectly combining correctly perceived features of visual stimuli (e.g., Nissen, 1985; Prinzmetal & Millis-Wright, 1984; Treisman, 1988; Treisman & Gelade, 1980; Treisman & Schmidt, 1982; Tsal, 1989) . Although the illusory conjunctions have generally been produced by presenting the stimuli simultaneously, this phenomenon of feature exchange apparently is also found when the stimuli are presented successively, as in rapid serial visual presentation (RSVP). Lawrence (1971) was the first to report the basic phenomena of perceptual distortion with RSVP and the first to analyze the errors in terms of the temporal distance between the target and the error. He presented words at a very high rate, but at a single spatial location, and asked subjects to report the identity of the only uppercase word in the series. The most frequent errors were intrusions (when the word given as the response was one that appeared in the series but not in uppercase), and the most frequent kind of intrusion was the reporting of the word immediately following the target. The feature •'uppercase" is incorrectly conjoined with a correctly perceived
The research reported here was supported by a grant from the Ministerio identity. In fact, Treisman and Gelade (1980) considered Lawrence' s results as providing an illustrative example of illusory conjunctions.
Lawrence's paradigm has been used with different kinds of stimuli in several experiments, and in some of them the same result was found-a predominance of intrusions from posttarget items (Gathercole & D. E. Broadbent, 1984 , Experiment 1; McLean, D. E. Broadbent, & M. H. P. Broadbent, 1983 , Experiment 1). However, balanced intrusions from both pre-and posttarget positions have also sometimes been found (Gathercole & D. E. Broadbent, 1984; McLean et al., 1983 , Experiment 2), and there is even a case in which there was a predominance of pretarget intrusions (lntraub, 1985) . Before we examine the research findings, some definition of terms will be helpful. The characteristic that defines the target that differentiates it from the filler items will be designated the key feature, and the characteristic that the subject is to report will be referred to as the response feature. The key dimension will be the dimension from which the key feature is a subclass, and the response dimension will be the dimension from which the subject must extract the response feature of the target. Thus, in Lawrence' s experiment, the key dimension was the "case" of the word Oowercase vs. uppercase), and the response dimension was the identity of the word. Following the terminology of McLean et al. (1983) , the kind of error in which an item presented after the target is given as the response will be designated as a posnarget intruCopyright 1992 Psychonomic Society, Inc.
sion; when the response consists of an item presented before the target, it will be designated as a pretarget intrusion. The results in a particular experimental condition will be described by the terms postpanem, prepanem, or symmetrical panem, depending upon the predominance of posttarget intrusions, pretarget intrusions, or a balance between them, respectively.
Interpretations of results obtained with RSVP procedures have been related to the issues of serial versus parallel processing and early versus late selection (D. E. Broadbent, 1977; Gathercole & D. E. Broadbent, 1984; Lawrence, 1971) . D. E. Broadbent (1977) was initially concerned with explaining the predominance of posttarget intrusions. He invoked the concept of ftltering, in which the subject scans the sequence of stimuli to detect the key feature. Only when the key feature is detected does the subject begin the response-feature analysis. In this account, what determines the stimulus item that is analyzed in terms of response features is the duration of the keyfeature detection and analysis. If, on a trial, the duration of the key-feature detection is longer than the interstimuIus interval (lSI) between items in the list, the responsedimension analysis will be performed on an item presented after the target and a postintrusion error has occurred.
D. E. Broadbent and M. H. P. Broadbent (1987) have pointed out that this ftltering is compatible with feature integration theory (Treisman & Gelade, 1980) , which proposes that stimuli are decomposed along their dimensions into separate features which are processed in parallel. A later system, consuming attention and operating as a controller, joins the features, thus building single percepts. In the RSVP task, the key feature that has been detected is then subsequently conjoinedwith the features resulting from the response-dimension analysis. The RSVP task differs from the conventional search task in which, under impoverished viewing conditions, features can be interchanged between stimuli presented simultaneously in different locations. In the latter task, features can be bound together in terms of a common location, but with RSVP, all the stimuli occur at the same location. Thus, correct conjoining of features must depend upon other factors, especially temporal simultaneity (Keele & Neill, 1978) . Research has shown that the visual system is less than precise in determining simultaneity (e.g., Reeves & Sperling, 1986; Sperling & Reeves, 1980) .
The ftlter model provides a rather tidy account of postintrusion errors and is consistent with D. E. Broadbent's early-selection position on attentional processing. However, further experimentation by the Broadbent group lead to the conclusion that ftltering was only one of at least two strategies that subjects could employ on an RSVP task. McLean et al. (1983) and Gathercole and D. E. Broadbent (1984) found that when the target was defined as a specific digit in a string of letters or a specific word in a string of words, a postintrusion error pattern was obtained, but that when the key feature defining the target was a category-for example, any digit in a string of letters or an animal word in a string of nonanimal wordspre-and postintrusion errors tended to be equal. These
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results were the reverse of what would be predicted from the ftlter model. The detection of the key feature requires identification of the stimulus, consistent with late-selection models of attention (Deutsch & Deutsch, 1963; Duncan, 1980; Hoffman, 1979) , but when the key feature is a semantic category, it can be presumed that detection requires more time (Dick, 1971; Posner, 1970) . The increased delay in detection should have resulted in an increase in postintrusion errors rather than the obtained increase in preintrusions.
To account for the findings obtained when the key feature was a semantic category, McLean et al. (1983) proposed that subjects had two alternative strategies for processing RSVP tasks, one corresponding to the ftlter model and the other to a parallel model. When the target identity is specified before the search, subjects adopt a f1lter-ing approach to the task in which analysis of the response dimension is suspended until the target item is detected. With the more difficult category search, the subject's strategy is to parallel process both the key and the response dimensions, and if the processing time for the two dimensions is approximately equal, the pattern of intrusion errors about the target item will be balanced.
But are two models of RSVP performance necessary? One can question whether the ftlter model is necessary or even well supported by the data. If subjects can search through an RSVP string and detect a target on the basis of category or meaning and then conjoin it with the color in which it appeared, it seems reasonable that they could also be identifying the letters in a string while they search for the target color. This seems particularly reasonable inasmuch as the ISIs and the overall accuracy level for ••search for a specific target" and ••search for a category' , are somewhat comparable. The evidence for the two processing strategies proposed by the Broadbent group is primarily derived from the patterns of intrusion errors. But a parallel, late-selection account of attentional processing can predict both preintrusion errors and postintrusions. Botella and Villar (1989) elaborated the basic parallel model sketched by McLean et al. (1983) and Gathercole and D. E. Broadbent (1984) , which assumed that both key and response dimensions were analyzed in parallel for each stimulus item in the presentation. When the key feature was found, it was assumed that this feature was conjoined with the most active identity resulting from the analysis of the features in the response dimension. Botella and Villar (1989) tested the model in a Monte Carlo simulation and found that preintrusion, postintrusion, and symmetrical intrusion errors could be obtained by manipulating the three parameters of lSI and the average time required for key-and response-feature analysis. If the average time was made longer for the key-feature analysis than for response-feature analysis, a postintrusion pattern was obtained. Holding time for key-feature analysis constant but increasing the average time for response-feature analysis resulted in an increase in preintrusion errors.
The ftlter model also has problems in accounting for preintrusion errors that occur with significant frequency even on RSVP tasks that Mclean et al. (1983) consider illustrative of the filtering approach to the tasks. Botella and Villar (1986) perfonned a partial replication of Lawrence's (19~1) experiment in which they asked subjects to identify the word that appeared in capital letters. Table 1 is taken from the Botella and Villar replication and shows the percentages of errors that occurred as intrusions from the two positions preceding the target and the two positions following the target as well as the percent correct responses. Like Lawrence (1971) , Botella and Villar (1986) found a predominance of postintrusion errors, but as shown in the table, there are nearly 10% preintrusion errors. They are greatest in the -1 position. Lawrence (1971) attempted to explain preintrusion errors in terms of false alarms: sometimes a positive output in the key-feature analysis is activated by characteristics of a pretarget filler item. But if this were the case, we would expect the occurrence of preintrusion errors to be rather uniformly distributed throughout the list, and this is not the case. In the Botella and Villar data, almost 100% of the subjects' responses consist of the naming of the target or one of the two words immediately preceding or following the target. This concentration of preintrusion errors in the positions immediately preceding the target is typical of the findings with RSVP tasks that supposedly lend themselves to a filtering approach (Lawrence, 1971; McLean et al., 1983) . Botella and Eriksen (1991) have shown that even when the target is identified rather than categorized, a postintrusion pattern of errors can be changed to a symmetric pattern by increasing the lSI. Furthennore, since the ISIs were randomized between trials, the subjects could not mediate the error pattern change by switching strategies when the ISIs changed. The RSVP task used by Botella and Eriksen was essentially the same as that used by McLean et al. (1983) , where subjects are asked to identify the letter that appears in the designated target color. At 66-msec lSI, postintrusion errors clearly predominated, but at lOO-msec lSI, errors were about equally distributed between pre-and postintrusions. Errors decreased as lSI lengthened, but even at l00-msec lSI, the correct responses were only 69%, so the change to a symmetric pattern was not likely to have been due to a ceiling effect. The shift to a symmetric pattern is clearly inconsistent with the filtering model. Furthennore, if a postintrusion pattern is the main evidence for a filter model, then the Botella and Eriksen (1991) results suggest that whether or not this evidence is obtained depends upon the fortuitous choice of lSI.
It seems clear that the evidence so far obtained from intrusion errors with RSVP tasks is too sparse and contradictory to permit solid conclusions on fundamental questions concerning serial versus parallel processing and early versus late selection. Perhaps the task itself is too complex for such issues to be addressed, or it may be that, when current paradigms are used, too little infonnation is garnered about the subject's behavior with RSVP. Typically the subject is allowed only a single response, although he/she has been presented with as many as 18 separate stimuli on a trial. The filter theory of the Broadbent group seems to implicitly assume that stimuli are not identified in the absence of detection of the key feature, but Eriksen and Collins (1969) in their, original work on the RSVP procedure found that subjects reported that they could identify several of the stimuli clearly out of a sequence of9 or 10. Both of the present authors have viewed RSVP displays highly similar to those employed by McLean et al. (1983) and found that they could identify as many as 5 separate letters on a trial. If subjects are identifying the response feature of several stimuli on most trials, this would impose severe constraints upon the interpretation of pre-and postintrusion error patterns. A further complication in interpreting patterns of intrusions comes from an important series of experiments by D. E. Broadbent and M. H. P. Broadbent (1987) . They showed that if there are two targets in an RSVP presentation, at least several items must intervene between the targets before the probability of identifying each target reaches the level of independence. They replicated and extended unpublished experiments of Frankish (cited by D. E. Broadbent & M. H. P. Broadbent, 1987) that had found that the presence of one target had a profound effect upon the identification of another in the same RSVP sequence. The Broadbents related these findings to the work of Duncan (1980) , who had shown that simultaneous targets markedly interfered with each other. The Broadbents' findings go beyond those of Duncan in showing that the act of identifying a target and placing it in some kind of shorttenn store can impair the identification and!or memory for a subsequently occurring target for as long as a half second. These findings would imply that if subjects were identifying several stimuli in an RSVP sequence, identification of a pretarget filler item could effectively block the identification of the target if there were too few intervening items. The effect of such pretarget identifications upon intrusion errors is difficult to surmise.
In the present experiment, we have modified the RSVP paradigm in order to provide more data on just what information the subject has obtained from the sequence of stimuli presented on a trial. The stimuli were essentially the same as those used by McLean et al. (1983) and consisted of a sequence of colored letters. The target was defined by a specific color that was unique on that trial, and the subject was asked to identify the letter that appeared in that color. Instead of having the subject report only what he/she thought was the target on a trial, the subject was given a response menu from which he/she selected a response. The menu provided seven stimulus alternatives for the trial plus an "I don't know" and a "Not in the menu" alternative. The stimulus alternatives were experimentally varied in different conditions to elicit as much information as possible concerning the knowledge that the subjects had available from the stimulus sequence. By eliminating certain items from the menu, we could determine if the subjects had alternative choices available. We did this in three experimental conditions in which the target, the letter following the target, and all critical letters but the target were eliminated from the menu. Significant changes in the percentages of selections of the other letters on the menu permitted inferences about the information that the subjects had obtained from the stimulus series. In other experimental conditions, stimulus presentation was manipulated; the exposure duration for certain letters in the stimulus series, for example, were doubled. The detailed experimental conditions are described in the procedure section.
MEmOD

Subjects
Sixteen University of lllinois undergraduate students, with normal or corrected-to-normal vision, were paid for their participation in the experiment.
Stimuli and Materials
The stimuli were presented on a Zenith CRT controlled by a Zenith computer. Programming was conducted by MEL (Schneider, 1988) . The basic stimulus lists had 17 items. The subjects were told that the first and last two items were black numbers. These were included to avoid the well-known tendency of subjects to report the first and last items of a series (Lawrence, 1971) . The remainder of the stimulus lists were 15 different uppercase consonants drawn from the English alphabet (the letter M was excluded because it is too similar to N). The letters appeared in one of five colors: white, yellow, green, red, and blue (the computer's standard colors). In each list, a target letter, which could occur with equal probability in position 8,9, or 10 of the total list, was designated. The target letter was in the color that would be the key feature in that list, and no other letter in that list appeared in the target letter color. The five colors were all used as the target-defining feature in an equal number of lists. In the base condition and in all other conditions except Condition 5, the two items before and after the target (positions -2, -I, +1, and +2) were constructed with the other four colors, without repetitions. The remaining items were also colored with these four colors, selected randomly with the only restriction being that two consecutive items not share the same color. The background color was dark gray. The letters subtended 0.64 0 in height and 0.29 0 in width.
Procedure
The subjects were placed at 40 cm from the screen. At the beginning of each trial, a patch in the color that would be the target for that trial appeared in the center of the screen. The patch appeared in the same location where the letters in the stimulus series would appear. To begin a trial presentation, the subject pressed the keyboard spacebar, after which a black cross (fixation point) appeared for I sec in the location where the color patch had previously been. The cross was then followed by the beginning of the stimulus series. Each stimulus in the series was exposed for 83 msec with no time interval between stimuli. After the last stimulus, a response menu was presented with 9 numbered alternatives. The first 7 alternatives were the letters from the critical set (for the base condition, these were the target, the 3 letters presented just before it, and the 3 letters presented just after it), all in black and all in a RSVP TASKS 337 random order. The eighth alternative was "I don't know," and the ninth was "Not in the menu." Besides the base-eondition trials, 10 other different kinds of trials were designed, I as a control for guessing and each of the other 9 constituting one experimental condition. All of the experimental conditions are described in Table 2 . To economize on space, the rationale for the selection of the different conditions will be given when the results are presented.
The experiment was run in two sessions, each with six blocks of 65 trials. The first 5 trials, taken from the basic task, were used as a warm-up and were eliminated from data analysis. The other 60 trials consisted of 10 of the basic task and 5 of each other condition, in random order. Between each two blocks, the subjects rested 2-3 min. Each session lasted between 45 and 60 min. The first two blocks of the first session were considered to be practice and were eliminated from the data analysis. Because it was used to restore the performance level reached in the first session, the first block of the second session was also eliminated from the data analysis. The responses were coded according to the position in the series occupied by the item with the response feature selected as the response, with the restrictions that resulted from the manipulations made in each experimental condition (see Table 2 ). Table 2 Experimental Conditions Condition Manipulation Base Standard RSVP procedure. A letter occurred in the target color in Position 8, 9, or 10 of the stimulus sequence. Menu contained target letter and the letters that had occurred in the -I, -2, -3, +1, +2, and +3 positions.
Control No letter was presented in the target color in the stimulus sequence. Menu contained 6 letters from the middle of the list and 1 letter that had not been presented.
Stimulus sequences were the same as in base condition, but the target letter was not presented as an alternative on the menu. A nonpresented letter was substituted.
2 Identical to the base condition except the letter that had occurred in position +1 was not in the menu. It was replaced by a letter in the menu that had not been presented in the sequence.
3
The menu contained the target letter and 6 letters that had not been presented in the stimulus sequence.
4
The stimulus sequence contained a repeated letter in positions -2 and -I but in different colors. The letter in position +4 was added to the menu.
5
The stimulus sequence contained a repeated letter in positions -2 and -I in the same nontarget color. The letter that was in position 5 on that trial was added to the menu.
6
Target letter was repeated in the + I position but in a nontarget color. The letter in position --4 was added to the menu.
7
The stimulus sequence contained a repeated letter in positions -3 and +1. A nonpresented letter was added to the menu.
8
The target letter was repeated in position +3. The letter in the -5 position was added to the menu.
9
Identical to base condition except that the letter that had occurred in the -3 position was not in the menu. A nonpresented letter replaced the -3 letter in the menu.
RESULTS AND DISCUSSION
The percentages of triats'On which the response selected by the subject corresponded to the letter that had been presented in the target position or in one of the three positions preceding and following were computed for each subject. The means of these percentage values are shown in Table 3 along with the percentages of responses in the "I don't know" and "Not in the menu" choices. The table shows these values for the base and each of the nine experimental conditions. Significance of effects was evaluated by sign test on the number of subjects in the sample showing the particular effect. In these comparisons, ties were eliminated. It is to be noted that since trials under the different conditions were ordered randomly, differences between conditions cannot be attributed to strategic and/or set differences adopted by the subjects.
The base condition corresponded to the typical RSVP procedure, and the menu presented to the subject contained the target letter and the 3 letters that had preceded the target and the 3 letters that had followed it. As can be seen in the table, there is a predominance of intrusions from +1 position over the other five kinds of intrusion (13/14, p < .001), a result consistent with the findings of Mclean et al. (1983) on a similar set of stimuli. However, the number of preintrusion errors occurring in the -1 position is significantly greater than those occurring in the -3 position (13/15, p < .01), and that, together with the decreasing gradient of errors from the -1 position to the -3 position, suggests that the preintrusion errors were not just random guesses.
The extent of guessing and/or misidentification of letters in the series can be assessed by our control condition. This condition is not represented in Table 3 . The menu presented to the subject contained 6 letters that had occurred in the middle of the list plus I letter that had not been presented in the series. In the control condition, no letter appeared in the designated target color.
An average of61 % of the responses were in the "I don't know" and "Not in the menu" categories and are technically correct. However, 37% of the responses were to the 6 letters that had been presented in the middle of the stimulus list and fewer than 2 % of the responses were to the letter on the menu that had not been presented. Since the target color had not been presented, perhaps we could term the 37% responses to list letters as "hallucinated conjunctions." At least they provide a measure of the subject's guessing behavior. These guesses, we note, are not a choice of random letters. Instead, they are letters that the subject must have perceived during the RSVP presentation of that trial. Fewer than 2 % of the choices were to the letter that had not been presented during the trial. Even if we allow for the fact that there were six opportunities to select a letter that had been in the list as opposed to only one not presented, there is still an overwhelming preference for the presented letters (13/15, p < .01).
It appears that at the end of a trial a subject has several candidate letters available in short-term memory, and that his/her choice of a response is based upon variables in addition to the detection of the target color. One of these variables might well be the selection of a letter that was recalled as having occurred in about the middle of the stimulus sequence. We can presume that the subjects were intelligent enough to have learned after a few trials that the target letter, when it did occur, was always in the middle third of the list.
This conclusion is reinforced when the data from Condition 1 are examined. The response alternatives on the menu presented to the subjects in this condition were the same as those in the base condition except that the target letter was not among the alternatives. It had been replaced by a letter that had not occurred in the stimulus series on that particular trial. This condition was designed to reveal the extent to which nontarget letters had been identified in the stimulus series. As expected, there is a marked increase in the percentage of responses that fall in the "I 1.0 Note-The positions with a double hyphen indicate that the alternative was not included in the menu. The positions in parentheses indicate that the same lener was repeated in the two positions; the percentages inside the parentheses can be considered as "pooled selections." The last column provides miscellaneous results; in some conditions, it is the percentage of selections of letters not presented in the series; for other conditions. it refers to selections of letters presented in the series but far from the target position (see text). don't know" and "Not in the menu" response categories when compared with the base condition (16/16, p < .(01). Most interesting, though, is the marked increase in preintrusion errors (-1, 14/16, P < .01; -2, 14/16, P < .01) as compared with those of the base condition. The increase in +1 errors, although significant (11114, P < .05), is quite small, and the overall error pattern has shifted to one of a slight predominance of preintrusions, even though there is no significant difference between +1
and -lor between total pre-and postintrusions. There is also a clear decreasing gradient in the errors from the -1 position to the -3 position.
As compared with the base condition, there is an increase of 39% in the "Not in the menu" responses. It seems safe to conclude that nearly all of these responses would have been correct if the target letter had been among the alternatives. They also would appear to have been trials on which the subjects were reasonably confident that they had clearly seen the letter in the target color and were therefore not willing to respond with another letter that they may have seen near the middle of the sequence. However, the number of responses in these categories is still more than 20% lower than the number of hits obtained in the base condition. Most of these missing responses were distributed as preintrusion errors, with the -1 and -2 positions receiving the biggest increases relative to the base condition. The fact that these responses were not distributed randomly over the 6 letter alternatives provides convincing evidence that the subjects were identifying letters other than the target on many of the trials, and furthermore that these letters were identified along with the target letter on some trials and were considered as possible target responses.
These results are not consistent with the serial f1ltering model that D. E. Broadbent and his colleagues have used to describe performance on a highly similar task. The response dimension (here letter identity) must be processed for at least some of the letter stimuli before color or the key feature is detected and processed.
Condition 2 was identical to the base condition except that the letter that had occurred in position +1 was not in the menu but was replaced by a letter that had not occurred in the stimulus sequence. We might expect that the responses that would have been given to the letter in the +1 position would now be given to the target, but as can be seen, the increase in correct responses over those in the base condition is quite small and nonsignificant (9/16, p < .30). There is a significant increase in the "Not in the menu" responses (12/12, p < .(01), but the increase is less than 5 % as contrasted with the nearly 13% responses to the +I letter in the base condition. The missing 8% appears to have been distributed over the remaining response alternatives. The "Not in the menu" responses would appear to reflect those trials where the subject identified the + I letter and was quite confident that it was in the target color. He/she was confident enough not to accept as a response another identity re-RSVP TASKS 339 membered as occurring somewhere near the middle of the list. The failure to find a significant increase in target responses may be related to the D. E. BroadbentandM. H. P. Broadbent (1987) finding that when two targets occur in close temporal proximity they interfere with each other. Thus, if a subject had identified the letter in position +1 as the target, he/she would have had a lower probability of identifying the immediately preceding letter (the correct target), and not having identified it would not choose it as the response.
In Condition 3, the menu contained the target letter and 6 letters that had not been presented in the stimulus sequence of that trial. There is a significant (13/16, p < .05), though small, increase (4%) in the number of correct responses as compared with the base condition, but nowhere near the number that would be expected if the pre-and postintrusion errors observed in the base condition were now changed to correct responses. The biggest change over the base condition is in the "I don't know" and the "Not in the menu" categories (12/13, p < .01).
This pattern of results is again consistent with the interpretation that says if a letter in close temporal proximity to the target is identified, there is a lower probability that the target will also be identified.
In Conditions I and 2, the menu contained a letter that had not been presented in the sequence as a replacement for the missing target letter (Condition 1) and the missing +l letter (Condition 2). Subjects chose this nonpresented letter about 1% of the time, providing a measure of the random guessing rate and/or the frequency with which a letter might be confused with another letter due to similarity under impoverished viewing conditions. In Condition 3, the menu contained 6 letters that had not been presented, and they were chosen slightly more than 10% of the time. This higher rate is to be expected since there were now six opportunities for guesses or for confusion errors due to similarities between letters. The conclusion is clear, however, that guessing or confusion errors cannot account for the observed number of preintrusion errors as suggested by Lawrence (1971) .
In Conditions 1-3, the stimulus sequences presented to the subjects were the same as those used in the base condition. Only the alternatives presented on the menu were manipulated. In Conditions 4-9, experimental changes were made in the stimulus sequences.
We have noted that the results from Condition 2 were consistent with D. E. Broadbent and M. H. P. Broadbent's (1987) finding that if two targets occur in close temporal proximity both have a lowered probability of being identified. The results from Conditions 4 and 5 provide further support for this conclusion. In Condition 4, the same letter was presented in positions -1 and -2 but in different colors. Although the color of the letter changed after the first 83 msec of exposure, this effectively meant that this letter was exposed for 166 msec rather than the 83 msec for the other letters in the list. The increased ex-posure time of this letter should increase the probability that it would be identified and thus impair the identification of the inun¢iately.f9llowing letter, the target. In Condition 4, the letter in the -1 position was presented for 166 msec but the color of the letter changed after 83 msec. If the identity and color of the letter are processed separately as separate features and then conjoined, changing color should have had little or no effect upon identity processing. Preintrusion errors are, in and of themselves, inconsistent with Broadbent's filter model, but the parallel model would predict an increased frequency of the -1 item's being conjoined with the target color. The increased strength of the trace of the identity of the -1 letter due to its longer exposure time would enable it to compete more successfully with the more recent trace of the target letter when the processing of the target color was finished. But the predictions of the parallel model are less clear when we examine the results from Condition 5.
Here the -1 letter was again exposed for 166 msec, but the entire exposure was in the same nontarget color. If color and form are separately processed and in paralleI, not changing the color after 83 msec should have no effect upon the letter-identification process. It would be expected only to increase the probability that the color would be perceived and correctly conjoined with the letter, and since the -1 letter is not in the key or target color, we would presume that a correct conjoining of letter and color would decrease the choice of the letter as the target.
As Table 3 shows, the results for Condition 5 show the same pattern as that found for Condition 4 but are much more dramatic. Correct responses are more than 14% fewer than in Condition 4 (14/16, P < .01), and choices of the -1 item are over 6% more frequent (10/15, n. s. ). There is also more than a 5 % increase in choices of the +l item (9/14, n.s.).
The parallel model by itself is inadequate to predict this outcome. Clearly, the processing of the letter's identity and its color are not completely separate and independent. The lack of independence may be no more than interference or a degradation of form information when the color of the letter changes halfway through the exposure, as occurred in Condition 4. If this is the case, it would account for the increase of choices of the -1 item in the menu since the letter occurring in this position would be more often identified. And if the letter in the -I position is identified more often, then, in keeping with D. E. Broadbent and M. H. P. Broadbent's (1987) findings, the identity of the immediately following letter has a greatly reduced probability of being completely processed. And this, of course, accounts for the low probability of correct selections in Condition 4.
There is, however, a problem with this interpretation. If identification of the letter in the -1 position impairs identification of the following target item, presumably this would also impair identification of the target color. And if the target color is not detected by the subject, why isn't there an increase in the "I don't know" and "Not in the menu" responses in Conditions 4 and 5? If the target color is not detected by the subject, the trial ought to be essentially the same as in the control condition, where the target color was not presented. In this control condition, subjects chose the "I don't know" and "Not in the menu" responses 61 % of the time, whereas they did so less than 4 % of the time in Conditions 4 and 5. The results from the control condition demonstrate that subjects do not hesitate to report that they failed to see the target color when it was absent from the stimulus sequence. The strongly suggested conclusion is that the subjects did detect the target color in Conditions 4 and 5 but incorrectly conjoined the color with the letter in the -1 position. Furthermore, if the long exposure of the letter in the -1 position was blocking or interfering with identification of the target letter' this blocking effect extended only to the processing of identity information and not to the detection of the key feature (color).
While the decrease in choices of the target that was found in Conditions 4 and 5 is consistent with the D. E. Broadbent and M. H. P. Broadbent (1987) results, which showed a low probability of identification of both of two items in succession, the decrease is also consistent with the parallel model. Due to the increase in energy of the -1 letter in these two conditions, the trace of the letter may be presumed to be stronger and thus to compete more effectively with the target trace when the key dimension has completed processing. This results in the -1 letter's being more frequently conjoined with the target color. In Condition 6, the duration of the target letter was doubled to 166 msec but the duration of the key dimension (color) remained at 83 msec. In terms of the parallel model, the increase in energy of the target letter should increase the strength of its trace and make it more competitive with the letters that had immediately preceded or followed it. There should be an increase in correct responses and a decrease in both pre-and postintrusions. If, on the other hand, the results from Conditions 4 and 5 are primarily due to the low probability of perceiving two letters in sequence, then the reduction of intrusions in Condition 6 should be reflected primarily in postintrusions.
As shown in Table 3 , the results mainly support the impaired detection of the letter following the target. There is a significant and appreciable increase in correct responses (15/16, p < .01), but the decrease in preintrusions is only 2.3% and not significant when compared with the base condition. The decrease in postintrusions, however, is quite marked. In the table, the letter in the +2 column is now the letter that immediately followed the target and occurs in the same serial position as the + 1 letter in the base condition. The choice of the letter following the target has been reduced by 11.7% (14/18, p < .01).
Conditions 7 and 8 were designed to determine whether repetition of letters at separated locations in the stimulus sequence would increase the probability that the subjects would report the repeated letter as the target. Positive results would be further evidence that the letter had been identified at some level of processing. However, no significant effects of repetition were found. In Condition 7, the letter appearing in position -3 in the stimulus sequence was the same letter as that appearing in position +1, although they were in different colors. Table 3 shows that the occurrence of a letter in position -3 increases the choice of this letter as the target when the letter is repeated in position + 1, but the increase of 7 % in the choice of the + 1 letter over that in the base condition is not significantly greater than the sum of the choices of the -3 and the +1 letters in the base condition. A similar lack of effect of repetition was found in Condition 8, where the target letter was repeated in position +3. The repetition of the target letter later in the sequence did not increase the number of correct target choices.
Condition 9 was an exploratory condition in which the letter that had been presented in the -3 position was excluded from the menu. No significant or suggestive effects were found.
GENERAL DISCUSSION
The results of our experiment show that the RSVP paradigm is quite complex, and that performance on the task is a function of a number of variables. It is quite clear, however, that the present results offer little support for the two-eycle fllter model originally proposed by D. E. Broadbent (1977) and subsequently by McLean et al. (1983) , Gathercole and D. E. Broadbent (1984) , and D. E. Broadbent and M. H. P. Broadbent (1986) . Our experimental task was quite similar to the one employed by McLean et al. (1983) in their Experiment 1, in which subjects were required to report the identity of the letter that appeared in the target color. Our results were also quite similar to those obtained by these investigators: a preponderance of posttarget intrusions. However, certain methodological improvements that we incorporated into our experiment have led to observations that are inconsistent with ascribing the postintrusion pattern to a filtering process. First, we found a significant number of preintrusion errors on the base level task even though postintrusions clearly dominated. Second, it is clear that subjects have available the identities of several letters from the list even on trials in which the correct target is reported. In fact, subjects have identified letters in the stimulus list even when the target color or key feature did not occur in the stimulus sequence.
The finding of a significant number of preintrusion errors on a task in which a postintrusion pattern is dominant is particularly damaging to a filter model. As McLean RSVP TASKS 341 et al. (1983) correctly point out with regard to a similar finding in one of their experiments, "this finding, along with others showing significant numbers of pre-target intrusions ... embarrasses a simple two-stage cycle view. On this view, the detection of a target defining attribute triggers the processing of the to-be-reported code. Because of the contingent structure of these two processes the reported attribute can readily come from the target or succeeding items, but it can not come from preceding items" (p. 184).
In McLean et al. 's (1983) Experiment 1, in which the results are interpreted in tenns of the flltering model, the small number of preintrusions that was obtained might be dismissed as due to false alanns, since only 5 letters and 5 colors were used to constitute the 17-item RSVP series. Ail 5 letters were used in the middle of the series, 1 as the target and the other 4 in the two positions preceding and following the target. The 4 nontarget letters were then repeated as many as three times through the other 12 positions in the RSVP series. Since the data were analyzed only for the frequency with which the target and letters occurring in these two positions preceding and following the target were given as responses, both pre-and postintrusion errors would be inflated by any false detection of the target color by a subject. For example, if the subject falsely detected the key color on the 12th letter of the series and reported it as the target letter, it would be scored as either a pre-or a postintrusion error since each of the four nontarget letters on that trial would have occurred in one of the four pre-and posttarget positions. Due to this procedure, a small number of preintrusions could be dismissed as resulting from false alarms.
In the present experiment, we made use of all of the English alphabet letters except M. Thus, each RSVP series contained no letter repetitions. This provided a more sensitive measure of the extent of intrusion errors. Our results show not only that preintrusion errors were appreciably higher than the guessing or false-alarm rate as assessed by our control condition, but also that there was a significant gradient of these errors away from the target location. Our subjects were obviously, on many trials at least, processing to identification letters that occurred before the key feature had been presented. This conclusion is reinforced by the Condition 1 data and the data from the control condition. In Condition 1, the target letter was omitted from the menu. Without the correct response among the alternatives, subjects markedly increased the choices of letters that had preceded the occurrence of the key feature. In fact, preintrusions nowexceeded postintrusions. Subjects were not only not awaiting the detection of the target color before processing the letter stimuli, but must have also been retaining these letters in short-tenn memory as possible target candidates. In the control condition, although the key feature, and thus the target, was not presented in the series, subjects reported letters that had occurred in the stimulus series on 36 % of the trials. In both Condition 1 and the control condition, these errors were concentrated in close proximity to the target position. Thus, the subjects must have detected that these letters had occurred in close temporal proximity to detection of the tprget col~in Condition 1 or be near the midpoint of the series in the control condition, making them alternative candidates for the correct response.
The presence of a significant number of preintrusion errors and the finding that subjects identified several of the letters in the series, even in the absence of the key feature, is more compatible with the parallel model sketched out by Gathercole and D. E. Broadbent (1984) and elaborated by Botella and Villar (1989) . Although Botella and Villar have shown, in a Monte Carlo simulation, that such a parallel model can generate preintrusion, postintrusion, or symmetrical error patterns by varying the relative processing time for key and response dimensions, empirical manipulations of these relative times produce anomalous results (Botella, in press ; D. E. Broadbent & M. H. P. Broadbent, 1987; McLean et al., 1983) . Particularly troublesome is the result obtained when the key dimension is a category rather than a specific member of the category-for example, searching for any digit in a series of letters as opposed to searching for a specified digit. There is evidence (Dick, 1971; Posner, 1970 ) that category search requires more time than does search for a specific item, which should lead to more postintrusion errors on an RSVP task. However, McLean et al. (1983, Experiment 2) found that when subjects were to report the color of a specified digit in a string of colored letters, a marked postintrusion error pattern was obtained, whereas search for any digit produced a symmetrical pattern.
Botella (in press) suggested a possible solution to this anomaly. Search for a specific letter may, indeed, be faster on single-task perfonnance, but in the RSVP paradigm, the subject has two tasks to perfonn. In addition to detecting the digit, the subject must also note and report its color. When faced with a category search in the RSVP paradigm, the subject may devote a greater share of limited processing resources to processing the key dimension than to processing the response dimension. With the easier specific search, the reverse may be true. The result is slower processing of the color or response dimension with category search. Botella (in press) obtained evidence somewhat supportive of this possibility. He essentially replicated McLean et al. ' s Experiment 2 with these modifications. A response menu was employed but, most importantly, the subjects were asked to press a key as quickly as possible when the key feature was detected. While reaction time was slightly faster (17 msec) when the key feature was a specified digit than when it was just any digit, this difference was not significant. Thus, the assumption of faster processing for a specific digit may not be valid in the RSVP paradigm.
A simple, straightforward model of RSVP perfonnance is further complicated by the fmdings of the present experiment that the subjects were identifying and remembering more than the target item from the series of stimuli. D. E. Broadbent and M. H. P. Broadbent's (1987) results are quite clear in showing that if two targets are presented in an RSVP series, the targets must be separated by a relatively long time interval (as long as .5 sec) before the identification of each target reaches the level expected from independence. If targets are spaced close together in the series, identification of one of the targets is associated with a reduced probability that the other target will be correctly identified. While it is true that subjects in the present experiments had only one target to identify, we found that they were indeed identifying more than one letter in the series. It seems reasonable to assume that the mental or attentional operation of identifying a letter is the same whether or not it is a target. Thus, if the subject had identified the letter in the -1 position, there should be a reduced probability that he/she would also identify the target in the next occurring position. Or, if the target was identified, the probability would be lower that the +1 item would also be identified. The existence of such a "gating" operation (D. E. Broadbent & M. E. Broadbent, 1986; Reeves & Sperling, 1986; Schmidt & Kristofferson, 1963; Sperling & Reeves, 1980) further complicates the interpretation of pre-and postintrusion errors in tenns of serial versus parallel processing.
It should be noted that this gating process, or mutual interference between successive items in the RSVP sequence, is not absolute. Our data show that while the probability of identifying both of two successive items may be reduced, there are still a significant number of instances in which successive items or letters must both have been identified. Data from our Condition 1 show that on at least a significant number of trials, both the target and the letter preceding or following it must have been identified and remembered.
Since the response menus contained as alternatives only the target and/or the three items preceding or following it, we have evidence only that the subjects identified items in close proximity to the target. But it seems quite reasonable to assume that letters throughout the RSVP sequence were identified and represented in short-tenn memory. Actually, it would be surprising if subjects identified only a single letter out of a sequence of 17 that were presented over a time interval of nearly 2 sec. The subjects had been instructed to "attend" to the place on the screen where the letters would appear and to report the letter appearing in a designated color. Von Helmholtz observed long ago that "the natural tendency of attention when left to itself is to wander to ever new things; and so soon as the interest of its object is over, so soon as nothing new is to be noticed there, it passes, in spite of our will, to something else. If we wish to keep it upon one and the same object, we must seek constantly to find out something new about the latter, especially if other powerful impressions are attracting us away" (cited in James, 1890, pp. 422-423) . It would be remarkable if subjects could tum off the process by which stimuli are identified, particularly when they are oriented and motivated to perceive the stimulation.
The finding that the subjects identify and remember several items from the RSVP sequence raises the possibility that at least some of the intrusion errors may be memory errors rather than failures in perception or illusory conjunctions. The subject has to remember not only the letter from the list, but also its color. Even if only 3 or 4 letters are represented in memory, there is ample opportunity for confusion errors: which color is associated with which letter? This, of course, raises the possibility that intrusions are neither perceptual errors nor illusory conjunctions (Treisrnan & Gelade, 1980) .
